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Abstract

A sc~ics of ~JcJl~~acrylol]  itlilc-[Jascd  (I) AN)
clcct  Iolytcs contai]]ing  l.i As1;6 and a  numbcf-  o f
solvcmt  Jnix[um  including lit}~ylcllc  (;ar~~or]atc(li~)
“1 l’lopylcllc (~albonatc  (1)(:) wcic pmpal-c.(i,
clcctloclmmically  evaluated riIKI used as clcctIolytc
ill the polyl))m  cxlls,  ‘1’he Iypical  composition of the
c]cctlo]ytc  mixtu]c  was I’AN -15 h4°/0, 1,iAs]i6 --15
h4% and solvcni  J]]ixl[]Jc -70 MVO. ‘1’hc l) AN-based
c]cctIo]y[c  containing 1~(:, ])(; all(i ‘] ,iAs];6 gave a
cmduc[ivit y of 10-3 (S/cml)  at I oom tcJnpcraturc.
]]oth c.ai bon and lithiu]n  cxhal~ oxi(ie c o m p o s i t e
clcxtmclcs  WCI-C studied versus lithium it~ small
capacity cells. ‘1’hc saJnc electrolyte composition
was umi in fabJ icating the compcmite  clc.c.tl odes .
[MIs WCI c fabjicat  cd and evaluated fm cycle life and
cathmic  utili7,ation  cfTlcicncy,  ‘1’he capacity of the
cxlls is bctwccm 5 to 10 tnAh, 1.it]]ium  poly~ner CCIIS
coJllai J]ing either caibol}  or lithium cobalt oxide
slIowc.d  so F~t al ou]~d 40 cyc.lcs  with ]ninimum  10 S S

of capacity. 1 ,ithium ion polymer cells ( 1 .ix(;
/gel/l ,ix(~002)  dclivcu  cd -5 mAt] capacity in the
initial cycles and cycling of the cell is in ])Jogl CSS.

\

lntmduc(ion
1 .ithium polymcv ic elect I olytc  I echarp,cab]c

ce l l s  al c king aCt iVC]y  dCVC]O@  foJ SWC[ a]

a p p l i c a t i o n s  i n d u c t i n g  cronsumcr  clcc.tronic.s an(l

Clcctric  vchiclc,s.  })olymcJ  rcchal-gcable cells have
SCVCJ  al advaJltap,cs  OVCJ the ]iquid clcctJolytc  CC]]S:
the.sc include 1 ) I cducc.d p opcnsit  y for lithium
dCIK~I itcs, 2) cJlhanccd intcJ”facia!  S t a b i l i t y , 3)
flexible shape etc. 110WC.VC,I, tllc problems I elated to
dclldJitcs and Inactivity arc JK)t Complckdy
eliminated at the l i thium C.lcctl  O(ics. ‘1’hc
dcvc.lopmcnt iJl liquid-based cells is foc,uscd 011 the

USC Of Iitllilltl]-cal”[)ol]  aJmdcs (tcrl]lcd as lit}~i~]J~~ i~~]
or “recking-chair” configuration) in place of metallic

lithium to rcducc the dendrites and thus impl ovc the
cyc~c  life. Additio]lally, the lcy~laccmcj~t  of lithium
with litlli~]l]l-cali)ol]  Jnay implovc the safety of the
cells.  An extension of this concept, i.e., usc of 1 i-C
fbr 1 .i, to tl]c polylncric  e l e c t r o l y t e  CCIIS is th~ls
cxpcctcd  to fi]r[hcr I educe the problems of dendrites
and intcJ  facial instability. At the Jet Propulsic)n
1 ,almratory as pal [ of an-on going  scc.ondar  y lithiuln

hattcly research cflbrt wc have initiated prcliJninary
clc.ctl  ochc.micfal  studies on the lithium ion polymer
CCIIS. lniiial]y, wc evaluated the matcJials pI opertics
iJl small capacity cells. Wc report below OUJ results
cm the clcctrochcmica] propcrtim of l} A N - b a s e d
gelled clcctro]ytcs  coJ]taining ]Lc + IT -1 1.iAs];6  as
well  as ol, the cycling behavior, at 1 001)1
t cmj>elat  ul-c, of I .i-~at-bon, 1,i-1 ,iCo02,,  aJld
1 ,ix~ooz cells containing the abcwc clcctrolytc.

IClcdrolyfc l’rcparntion:
Gelled C]CCt J“Cdyt CS wit h difl’crcnt

croJnpositions  wcIc pl-epaJ-cd  a s  g i v e . t l  bclowl.
AppJ”opriatc  a m o u n t s  of the  COJIIjIOJICIItS  w e r e

w e i g h e d  bcfoJc hand, 1 .ithium }lcxafluoroarscnale
was disso]vcd ill t]]c so]~]ci~t  l]lixt~]jc  aJ~d t}~c
tclnpcratu[e of the Iiquicl  c]cctiolyte was Jaiscd to
100°(~ followed by the slow addition of PAN. ‘J’hc
lcInJJcratlJJ”c  w a s  maiJllaiJlcd  at aJ ound ] OO°C  till a
clcai  Ilomogcneous  visc,ous  liquid was obtained.
‘] ’hiJl  filJHS  WC1 c l)J cpa[ed by CaStillg  thC h O t  fgC]
bctwccn  two prchcatcd  qual-lz, plates  a n d  p r e s s i n g

them together. ‘1’his procedure yielded thin films
with thickticsscs  --100 Jnicxon. “]’ypical  composition

of the clcctmlytc was PAN =15 h4°/0,  1.iAs}i6 -1 S
h4Y0 and solvent mixllllc  -70 h4°/0.
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{~omposifc  IClcdrdcs l’rcparafion:
~k~ll~positc  elec[mdes  with f,oo(t ionic a n d

clcctt onic coJduclivi[ics  arc r-cquiiwct  in po]ymcr
cc]ls to achicvc l-easonablc Iatc.s.  1 ,ix(;002 -bascxl
co]nposit  c cathodes wcl c used for CCII studies.
(kmpositc cathodes compliscs  of 1 ,ix(kK)2 50 w%,
acctylcm black (fx electronic conductivity y) 10 w?/0,

and the polymcf  c]cctroly[e  (for ionic conductivity)
40 w%. “1’hc 1,ix(;o(j2  and acct ylenc black vm c
w e l l  nlixcd b y  a  high s~mcd blmdcl. Gcllcxi
polymeric clectJ  olytc (PAN 15 MOA; 1,iAsl~~  15 h4°A
and 1;(; -{ 1’(; 70 MO/o) was prcpal cd bcfm chand
fbllowc(i by the addition of the mixture of 1,ixG02,
and acct ylcnc black.  ‘1’lIc  hot black SIUI I y was then
pouI cd on to a pI chcatcd aluminum foil. ‘1’hc SIUH y
was  unifol mly distl ibutcd and  coa ted  on  the
aluminum foil. ‘1’hc composite electrode was cut to
siz.c, 1 3/8” x 1 3/8”, fol later use.

“1’hc carbon clcctI  ode consists of a
comIncI cial g raphi te  subjcctc.d  to a prctI eatmcmt
ploccss icicntific(i  in our eadicr stu(iics in olganic
liquid clc.ctmlytcs. ‘1’hc carbon clectmclc  gave 240
mAh/gln  capacity at U] O rate. T}IC sclcctcd  ca~bon
anode  ami C]CCII  olylc materials arc being used in
conjunction with lithium cobalt oxide composite
ca thode  to fabricate 1,i ion-polyme.l  cells, ‘1’hc.
clcctl odes  al c scaled in a polycthy]em  laminated
aluminum foil using a scaling technique dcvclopcd
a t  J1’1.. l.ixC -based composite clcctrodc  was
prcpalcd and its clcctroc}mnical  performance
tested. ~ompositc  cathodes comprises of Cadxm 50
W? ?O and tk polymer clcctlolylc  SO wO/o. Gcllui
polyIncI-ic. clcctrolytc  (PAN 15 MYo;  1.iAs];6 15 h4Y0
and 1 K -+ I)C 70 MO/o) was prcpal  cd beforehand
fc)llowcd  by the addition of prcwc.ightcd car-bon,
‘1’hc hot black sh]l ry was then poured into a stain lc.ss
steel (SS) mold with a 1 mil thick SS. foil on the.
bottom. ‘1 ‘llc sluuy was then cvapolat  ccl by
comwcrtion. ‘1’hc composite elcctrodc  was tl immcd
to size, 1 3/8” x 1 3/8”, fbr cell stu(iics.

(k’]] IJabrication:
‘J”hrcc types of CCIIS  WCIC fabricated. ‘1’hc

thlcc types of CCIIS arc 1) 1 .i/gcl/l  .ix(;002,  2)
I ,i/gcl/l ,ix~, al~d 3) 1.ix~/gcl/]  .ix~002,,  ‘Iwo
~)olycthylcnc  laminated aluminum fbils WCI c hot
sca led  on three sides to fbrm an cmvclop. An
clcctmdc stack c o n s i s t i n g of lithium anode,

polyIIIcI  ic elect r oly[c,  and composite clccrt rodcs was
assc.l]]blc.d  a[d lwusc.d ill IIIC \xJlyctl\ylenc  laminate. d
aluininuln cnvc]op. ‘Jhc envelop was se.alcct  in
Vacllurl). 11’ouf  of each expel imcntal  1 ,i-1 ,ixCo02,
and 1,i-CaIbon  polyIIIcr  CCIIS ( - - 1 0  mAh) wc]e,
i)lcpa[cd  for- clectl  ochcmical investigations, ‘1’hc
CCIIS wcl c asscmblcxi in a dl y-loom with lCSS than
1°A humidity. lk)lh  types of the CCIIS showed an
open ciicuit volta~,c (WV) in the lang,c of 3.0 and
3.2 volts.

Stand:tl  d elcc(l oclwmical  equipment were
used fbr the clcct[ochcmic,al  evaluation of the gelled
clcctmlytc  films. AC impcdancc  mcasurctncnts
WCIC Inadc 011 both uIIcycicd  and cycled CCIIS to
o b t a i n  ii] formations on the b u l k  and intcffacial
plopc[lics

(;CI1 “J’csfing:
“J”hc Iabolato[y litlli~]l]l-cro]]l]~ositc  po]ymcr

cells wmc tested at ambicmt  tcmpclaturc  for cycle
Iifc pcIfo[Inancc bctwccn  the voltage l imits
dmcI ibcd above. A comput  m cent [ ollcd bat tcIy
cyclcr was u scd for cycling studies. ‘1’hc cells were
charged at a col]stal)t  cu[[cnt,  1 mA, and fh]lowcd
by tape] chal gc at 4 .25V. ‘1’lJC CCII was clischarge,d
at a constant CN[ i c]}t, 2 mA, ‘~’hc 1,i-1 ,ix~oO~  CCIIS
vmc cycled bctwccn 4.3V ar]d ?.6V, and tllc 1.i-
CaTbon cells WCI c cycled bctwccn  O. 15V and 1 V.
“1’k fl]ll cdl was cyc.lcd bctwccn 2.60 V and 4.25 V.

I< CSUIIS and I)iscussiog

WC have investigated the clcctlocl~cl]lical
pI opcx tics of the gelled po]ymcr clcctto]ytcs,  tlmc
diffa cnt types of polyJI~cr  cells and their cycle life
~)cI fbljnancc  “1’hcsc  alc dCSCIibCd  b e l o w .

IClcdrolyle Studies:
1 {lee’tI Oly(cs films \vcI c Cllt to siz.c (--1 Cmz’)

and san(iwichcd bctwccn two WCII polishc.d stainless
stc.cl (SS) clectl  OCICS (blockinc  contacts) fol both a-c
and d C I]lcasu[  e]ncnts, ‘1’hc a-c mcasurcmcnt  was
made in the f[cqucllcy  rcp,imc 100 kl IZ to S 1 Iz,, III
];ig. 1 is shown the Nyquist  plot for the C]cctlo]ytc
of composition I)AN --15 h4°/0,  1,iAsl;~  -15 MO/O and
1{(; -11’(: -- 70 h4?zo. ‘J’lIc  x-axis intcicfcpt  gives the
bulk I esistancx  (1{()) o f  t h e  c]cct 1 olytc. “1’hc
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l;igu! c S. 7’}]c discharge capacity vs. cycle life of a
lithium - lithium cobalt oxi(ic  cell.
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l;iguI c 6. ‘1’hc discharge capacity vs. cycle life of a
lithium - lithium calbon ccli.
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